Following the initial success of cavity quantum electrodynamics in atomic systems, strong coupling between light and matter excitations is now achieved in several solid-state set-ups. In those systems, the possibility to engineer quantum emitters and resonators with very different characteristics has allowed access to novel nonlinear and non-perturbative phenomena of both fundamental and applied interest. In this article, we will review some advances in the field of solid-state cavity quantum electrodynamics, focussing on the scaling of the relevant figures of merit in the transition from microcavities to subwavelength confinement.
Introduction
In an idealised cavity quantum electrodynamics (CQED) set-up, in which a collection of dipoles interact with the discrete resonant mode of a photonic cavity, the relevant dimensionless parameter quantifying the intensity of the light-matter interaction is the normalised coupling η [1] . If η, which is the vacuum Rabi frequency Ω divided by the bare transition frequency ω x , becomes larger than the inverse of the quality factors of the light and matter resonances, the system enters the strong coupling regime. In such a regime, its physics can be correctly described only in terms of the light-matter hybrid eigenmodes of the coupled system, often named polaritons [2] . Higher order effects will become observable when η becomes non-negligible, a regime usually referred to as the ultrastrong, or non-perturbative, regime [1, 3] . Note that the two conditions are a priori independent and, thus, notwithstanding its name, the set of systems exhibiting ultrastrong coupling is not a subset of the strong coupled ones [4] . It is worthwhile to point out that once into the nonperturbative regime, the parameter η defined in Eq. (1) loses some of its relevance, as the approximations to consider a single electronic transition [5] [6] [7] or a single resonant cavity mode [8] [9] [10] fail.
The intensity of the normalised coupling between an electronic dipolar-active transition and a resonant electromagnetic mode can be calculated to be of the order [11] 
where α  1/137 is the fine structure constant, N is the number of effective dipoles coherently coupled to the photonic mode, V is its effective mode volume at the location of the dipoles, and V λ is the diffraction-limited volume. For Haroche's Rydberg atoms in a superconducting microwave cavity, η < 10
: a single atom interacts very weakly with the electromagnetic field. Lowest order perturbation theory is then fully justified, and the achievement of strong coupling is only due to the outstanding lifetimes of the photonic and atomic transitions, with quality factors Q > 10 8 [12] . From Eq. (1) we see that, for a given electronic transition (i.e. fixed V λ ), larger couplings can be achieved only by increasing the density , N V which physically measures the overlap between light and matter fields. At a fixed density, instead, η can be increased going towards longer wavelengths, and thus larger V λ . Apart from determining the intensity of the normalised coupling, photonic mode volume and dipole density play other important roles in determining the physics of the system, creating trade-offs between different figures of merit. Sub-wavelength confinement, which allows achieving V  V λ , leads to unavoidable losses and thus lowers the quality factor Q [13] . The number of involved dipoles can, instead, change the nature of the system's response, which in the limit N→ ∞ is well described by a bosonised Dicke model [14] , while nonlinearities appear as it approaches N = 1 [15, 16] , where it is described by a quantum Rabi model [17] . Using those simple figures of merit as a guide, in this article we will review different combinations of resonator technologies and CQED set-ups used in the literature to achieve strong and ultrastrong coupling. We do not aim at providing a comprehensive review of the developing field of polaritonics, but try to highlight the trade-offs between different design strategies. We will, in particular, highlight the impact of the transition between diffraction-limited cavities and plasmonic sub-wavelength resonators. Given their relevance for plasmonics, we will focus mainly on Wannier and Frankel excitons covering near-infrared and shorter wavelengths. Only in the last part of the article will we briefly consider longer wavelength CQED systems, in which sub-wavelength confinement can be provided either by plasmonic waveguides or by analogous phonon-based resonators. Given the very different physics involved, in this article we will focus on semiconductorbased systems, neglecting both superconducting [18] and magnetic systems [19] .
The rest of this article is articulated as follows. In Sections 2 and 3 we will discuss in some further detail the link between sub-wavelength confinement and losses and the novel physics that can be observed in the few-dipolesstrong coupling limit. In Section 4 we briefly describe various excitonic resonances commonly used in CQED and in Section 5 the different kinds of resonators coupled with them. In Section 6 we will pass to review some solid-state CQED platforms working at longer wavelength, where plasmonic resonators effectively behave as waveguides and phonon-based resonators present an interesting dielectric alternative to metallic ones. Finally, in Section 7 we will briefly analyse the different data gathered in the rest of the review and comment on their relevance for the future development of polaritonic science and technology.
Sub-wavelength confinement and losses
The most important drawback of the use of plasmonic resonators in CQED is certainly their extremely small quality factor. Losses are seemingly unavoidable because the confinement of the electromagnetic field below the diffraction-limited volume is made possible by storing energy in the kinetic part of a dissipative free-electron gas [13, 20] . The frequency dependance of the interplay between confinement and losses can be understood by using the analytically solvable case of a metallic halfspace. Maxwell boundary conditions ensure that a surface-bound solution has to satisfy the relation
where κ vac and κ met are the inverse extinction lengths on the vacuum and metallic side, respectively, and ε(ω) is the metal dielectric function. As the absolute value of the dielectric function of the Drude model increases at smaller frequencies, with a zero-crossing at the plasma frequency ω P , Eq. (2) then implies that the electromagnetic field in the lossy metal increases with frequency. It has been recently shown by Khurgin that this result can be elegantly obtained purely from energy conservation arguments [20] . In particular, the fraction of the total energy that ends up being stored in kinetic form, and thus subject to collisional losses, can be written in terms of the plasma frequency as 1 ,
where the ratio between the confinement length a and the wavelength in the material λ is related to the normalised mode volume .
Consistently with the previous argument, P k varies from 0 (and thus no collisional losses) for ω  ω P to 1 close the plasma frequency. For metals, ω P is in the UV, and at mid-infrared and longer wavelengths there is thus very little plasmon left, and the resonators are better described as simple metallic waveguides. As we will briefly discuss in Section 6, at those wavelengths a more apt comparison is thus with non-metallic materials characterised by lower values of the plasma frequency.
From the Dicke to the Rabi model
In the dilute excitation regime, that is, when the number of dipoles coupled to light is much larger than the number of excitations, the optical response of a collection of dipoles can be described by a bosonic field. Although this could seem a truism in the linear regime, such a correspondence extends to the nonlinear regime, allowing the achievement of stimulated scattering and condensation of hybrid light-matter excitations [2, 21, 22] , and more generally treating matter excitations, and a fortiori polaritons, as fully bosonic particles [23] [24] [25] . Saturation-induced effects are in those cases limited to highly excited regimes [26, 27] or to very large values of η [16, 28] .
At the opposite end of the spectrum, a single dipole, described by the quantum Rabi model [17] , provides the perfect nonlinear system, presenting saturation at the single-photon level [29, 30] . Reducing the number of dipoles involved in the formation of a polariton is not only a way to influence its optical spectrum though [15] . In the last decade, various workers have investigated the impact of strong coupling on chemistry and material science [31] [32] [33] [34] [35] , noticing how certain degrees of freedom of the molecules coupled to the photonic field were affected by the singlemolecule coupling strength [36] [37] [38] [39] .
Moving towards fewer dipoles has thus been an important drive in the development of novel solid-state CQED systems, and probably the one most affected by concomitant advances in plasmonics, which only recently allowed achieving the milestone of single-molecule strong coupling [40] . Note that reducing the number of molecules is not the only way to transition between the Dicke and the Rabi models, which can also be effectively simulated by more complex set-ups [41, 42] .
Excitons
There are two fundamentally different descriptions of excitons, representing limiting cases of semiconductors with localised or delocalised polarisability: Frenkel and Wannier-Mott [43, 44] . Frenkel excitons exist in materials with low dielectric constant (standard with organic compounds) and are localised on one (or a few) molecules. Wannier-Mott excitons are typical of semiconductors with larger dielectric constant such as III-V and II-VI crystals and are delocalised over hundreds of atomic sites. A visually clear representation of the localised-delocalised transition between the two types of excitons, shown in Figure 1 , can be obtained by mapping the 3D exciton wavefunction in the bulk material Ψ(x, y, z) on the surface of a 4D sphere described by three hyperangles, Ψ(θ, φ, χ) [45] .
The dimensionality of the system plays a crucial role on the optical properties of excitons, and strictly 2D structures (sub-nanometre thicknesses) such as van der Waals layered materials can combine the best properties of Frenkel and Wannier-Mott excitons. In Table 1 , the relevant parameters for excitons in different materials are reported.
In order to be able to compare the number of coupled dipoles in different CQED material systems, it is practical to introduce the concept of oscillator strength.
The oscillator strength f of a transition from the initial state g to a state x can be defined quite generally by a dimensionless quantity in terms of the transition dipole moment | | , x r g ε 〈 ⋅ 〉 with ε the polarisation vector of light and i r the electron position, as 2 ,
with m e the electron mass and ℏω the energy difference between the final and the initial state [46] . Physically, the oscillator strength of a transition is the ratio between the absorption rate of that transition and the absorption rate of a single-electron oscillator with the same oscillation frequency ω, thus providing an effective dipole number for many-body excitations. For fully delocalised excitons, the dimensionless oscillator strength is proportional to the crystal volume, because the centre-of-mass wavefunction ( Figure 1 ) extends over the whole crystal. However, in real systems, the sample size must be replaced by the exciton coherence length L c , which describes how far the centre of mass of the exciton can move without losing coherence. Delocalised excitons in GaAs quantum well (QW) show coherence lengths of ≈200 nm, while organic excitons are, in the best case of J-aggregates, coherent over few nanometres [47, 48] . The exciton-polariton Rabi frequency is proportional to the exciton oscillator strength, to the total number of dipoles coupled to light, and to the spatial overlap between the material and light field. It follows that a simple reduction of the electromagnetic mode volume in Eq. (1) does not automatically increase the Rabi splitting unless the number N of dipoles is kept constant. The [45] .
In the plot, ω is the angular separation between the electron and the hole, with ω ≈ 0 for Frenkel excitons and, on the opposite limit, delocalised over the whole space for ε = ∞. The radius of the glome is normalised to 1 for simplicity in both cases and it is related (inversely proportional) to the dielectric constant of the material and the reduced mass of the exciton. In the inset, pictorial representations of the 2D cross-sections of the Frenkel and Wannier-Mott wavefunctions on the glome are shown.
meaningful quantity is therefore the oscillator strength per unit volume , f  that is, the oscillator strength of a single dipole times the number of excitons that can be filled in the unit volume.
For practical purposes, the oscillator strength per unit volume, , f  is obtained from the absorption coefficient α(ω) integrated over the excitonic peak as [46, 49, 50] 
where n b is the background refraction index, ε 0 is the vacuum permittitivity, and c is the speed of light. In a QW, the oscillator strength is, instead, proportional to the considered surface, and it is thus expressed per unit area per QW. Typical values for excitons in GaAs QWs with thickness of 7 nm are of the order of 4 2 10 m . f
In order to increase the coupling strength, multiple QWs can be embedded in the same planar resonator, leading to a total scaling
where N is the number of QWs and L is the effective cavity thickness.
On the opposite end of the spectrum, in organic compounds, an exciton is often localised on a single molecule (Figure 1 ) the equivalent number of oscillators is about three orders of magnitude larger for Frenkel excitons in organic molecules than for Wannier-Mott excitons in GaAs QWs. This allows the Rabi splitting in organic microcavities to reach hundreds of meV and, in some cases, to enter into the ultrastrong coupling regime in the visible range with η ≈ 0.3 [51, 52] .
Importantly, the photon-exciton interaction scales as an inverse power of the Bohr radius a b , while the Coulomb interaction between excitons roughly scale as 2 ,
E a where E b is the exciton binding energy [53] [54] [55] [56] [57] . As such, the large a b of excitons in GaAs QWs makes it challenging to achieve ultrastrong coupling with these materials [58] , but at the same time they are particularly suited for dressing the photons with nonlinearities three orders of magnitude higher than in standard optical crystals [59] . In the past decade, these have allowed the demonstration of a large number of active optical functionalities, from spin switches to all-optical logic gates, and from polariton multi-stability to polariton simulators of many-body Hamiltonians [60] [61] [62] [63] [64] [65] . This has been possible thanks to the high degree of control on the material purity and the advances in the deposition and processing techniques that have allowed GaAs/GaAlAs-and InGaAs/GaAs-based structures to lead the field. The exciton binding energy is, however, relatively low, of a few meV, limiting their operation to cryogenic temperatures, but also allowing the observation of other interesting interaction-induced phenomena [58, 66] . The strong coupling regime with higher band-gap semiconductors such as GaN and ZnO has been largely studied at room temperature [67] [68] [69] . Despite the fact that the optical quality is in general substantially lower than for GaAs-based structures, these materials hold a strong potential for technological applications and have shown room-temperature polariton lasing, under both optical and electrical injection in the case of GaN [70] [71] [72] . The huge binding energy of Frenkel excitons makes organic molecules a promising alternative for polaritons at room temperature [22, [73] [74] [75] , and their smaller Bohr radius allows them to reach the ultrastrong light-matter coupling regime [51, 52] . Still, the smaller a b means as well much smaller exciton-exciton interactions, challenging the implementation of nonlinear optical effects in room-temperature polariton systems. However, new perspectives are opened by the peculiarities of strong coupling in organic materials, where the large energy splitting can alter the relaxation dynamics and optical efficiencies, but also can act as all-optical switching of the reaction dynamics [76] [77] [78] . Moreover, the synthetic versatility of organic molecules facilitates their integration in optical resonators with smaller modal volumes, such as plasmonic cavities, allowing increase of the normalised coupling η up to the ultrastrong regime with only a bunch of molecules. Relevant data for various excitonic resonances can be found in Table 1 .
The best properties of Frenkel and Wannier-Mott excitons are mixed when the exciton is extremely confined on a lower dimensionality, such as in monolayers of transition-metal dichalcogenides (TMDs). In these 2D semiconductors, the electronic screening is reduced by dimensionality, and typical binding energies are hundreds of meV, allowing strong coupling to be observed at room temperature. In analogy to the strategy adopted with epitaxial QWs, stacking N monolayers increases the coupling by a factor N [79] . Interestingly, layered perovskites form naturally ordered structures of 2D inorganic layers separated by chains of organic molecules. These hybrid materials are excellent semiconductors in the visible range, and strong coupling with single crystals of 2D perovskites has shown comparable characteristics to GaAs QWs but working at room temperature [80] [81] [82] . The nonlinearities associated with these flat excitons are similar to those of Wannier-Mott excitons in GaAs QWs, including the spindependent strength of the interaction between excitons, opening the door to all-optical spin manipulation at room temperature [83] [84] [85] .
Resonator technologies
In Figure 2 , the strong coupling regime with organic and inorganic excitons is shown for different resonator technologies, going from dielectric cavities to surface evanescent modes and plasmonic cavities with ultrasmall mode volumes. The parabolic dispersion of a photon in a cavity is partially retained by the lower polariton branch (LPB), as shown in Figure 2D . The effective mass of polaritons close to the bottom of the LPB is only a tiny fraction of the exciton's mass, enabling stimulated scattering to prevail over losses even at room temperature. Polariton condensation requires, however, long lifetimes to reach the critical density at the bottom of the LPB. The microcavities with the highest optical quality are obtained by epitaxial deposition of two dielectric mirrors (dielectric Bragg reflectors, DBRs) composed of alternating layers of GaAs and AlGaAs, and polariton condensation was initially demonstrated in a GaAs-based microcavity at 4 K with CdTe QWs [89, 90] . After the observation of polariton condensation, out-ofequilibrium quantum fluids have been largely explored in these solid-state systems [2] . Among other results, superfluidity, Josephson oscillations, quantised vorticity, and optical spin-Hall effect are only some examples of the rich physics that can be investigated with microcavity polaritons [91] [92] [93] [94] [95] [96] [97] [98] . Recently, GaAs microcavities with extremely long polariton lifetimes ≈200 ps have allowed approaching the physics of equilibrium quantum fluids, opening new possibilities for the manipulation of large polariton condensates [99] [100] [101] [102] [103] . Moreover, the fine control over the lithographic patterning of these structures has prompted the realisation of topological structures, with promising results recently reported [104] [105] [106] .
The DBR technology, while ensuring high quality factors and long polariton lifetimes, is limited to mode volumes comparable to the cubic wavelength of light in the material. In these structures, the normalised coupling with embedded GaAs QW excitons can reach values η  0.1-1%, allowing the strong coupling regime to be measured only with relatively high quality factors Q > 10 3 . Strong coupling with a single quantum dot (QD) has been observed in a high-Q micropillar and photonic crystal cavities at low temperatures [107] [108] [109] [110] [111] [112] . More recently, attempts to use polariton nonlinearities to realise squeezed light or polariton blockade have been reported [113] [114] [115] [116] [117] [118] . It has been shown also that single and entangled photons can be injected from outside into the polariton mode and quantum correlations deployed by the coupling with a condensate [119] . On the opposite side, with many millions of dipoles coupled to the electromagnetic field, DBRs with lower quality factors (Q ≈ 600) already show polariton condensation at room temperature [22, 120, 121] . Note that, despite that polariton nonlinearities associated with molecular excitons have been measured to be two to three orders of magnitude weaker than for inorganic excitons, the large density of oscillators has enabled the observation of collective effects such as superfluid flow across a defect [122] . An alternative to full microcavities are waveguide modes and evanescent modes at the interface between a metal and a dielectric or at the interface between a DBR and air [123] [124] [125] [126] [127] . These structures are particularly suited for in-plane propagation and are useful when the realisation of the top DBR in standard cavities may damage the active material. Strong coupling with a Bloch surface wave (BSW) has allowed the measurement of nonlinearities with organic molecules and TMD monolayers in propagating polariton fluids [87, 128] . Strong coupling involving both GaAs QWs and TMD monolayers has also been demonstrated in hybrid structures [129, 130] . When strong coupling involves a surface plasmon (SP), the mode volume is reduced with respect to optical microcavities and BSW, reaching sub-wavelength values at the price of much smaller quality factors [131] [132] [133] [134] [135] [136] . This trends is evident in Figure 3 , where the effective volumes are shown as a function of the quality factor for several of the works discussed in this section and reported in Table 2 .
To allow comparison between different resonator technologies, the confinement for planar optical cavities is considered only in the direction perpendicular to the ), where hybridisation can occur between the localised plasmons, the surface modes associated with the lattice, and the organic molecular exciton of the deposited material. (G) Dispersion of the structure in (F), with an organic molecular layer deposited on top of the array of coupled nanoparticles. The anti-crossing is small compared to the line width but still visible [88] . Additional details on the parameter structures can be found in Refs [86] [87] [88] .
cavity plane, while taking a conventional surface area given by 2 0 S πλ = for the resonant wavelength in air λ 0 , as the minimal diffraction-limited surface of the pump. Note that, in the case of DBR structures, the effective mode volume, which has to include the penetration length in the dielectric mirrors, is usually not explicitly reported in the literature, and it has thus to be estimated from available data. The number of dipoles is meant as the equivalent number of electron oscillators as obtained directly from the measured oscillator strengths.
Even with sub-wavelength volumes and strong oscillator strengths, the limit for achieving strong coupling with a single dipole at room temperature is stringent. At room temperature, thermal fluctuations reduce the maximum quality factor, meaning that strong coupling can be achieved only by reducing the mode volume. As 1
and in the strong coupling regime 1 , Q η > in Figure 3 the scaling of the maximum volume for strong coupling with a single molecule is drawn as V ∝ Q 2 . The extreme localisation of the electromagnetic field is achieved with plasmonic cavities. Metallic nanoparticles sustain highly localised plasmonic modes with mode volumes of few hundreds of nanometre cubes, leading to extremely small sub-wavelength confinement. Ultrastrong coupling with localised plasmons and organic excitons has been theoretically investigated [145] and recently demonstrated with normalised coupling η  0.18 [137] .
The interaction between different localised plasmons can be handled following different strategies. In arrays of metallic nanoparticles, hybridisation between the diffracted modes of the array and localised plasmons allow the reduction of the losses inherent in the metallic absorption while keeping a relatively small mode volume, allowing strong coupling to be obtained with organic molecules and TMD monolayers [88, 143, 146, 147] . Recently, interaction and coherence of polariton condensates have been shown in such structures at room temperature [148] . To further reduce the field volume, two metallic nanoparticles (or a nanoparticle on a flat metallic mirror) can be brought close enough to allow direct hybridisation of the localised plasmon modes, boosting the electric field in the inter-particle gap by several orders of magnitude. Gap-plasmon cavities have the lowest mode volume, and strong coupling with a single molecule has been recently demonstrated at room temperature using such plasmonic resonators [40] . This is possible thanks to the relatively high normalised coupling, arising from the highly confined electromagnetic field and despite the low dipole density (see Figure 3 ). This result opens broad fundamental and technological perspectives spanning from quantum plasmonics to photochemistry and suggests that the ultrastrong coupling regime could be achieved in such resonators with a relatively small number of dipoles.
Long-wavelength polaritonics
At longer wavelengths, the distinction between plasmonic and standard resonators loses some of its relevance, because, as visible from Eq. (3), only a limited portion of the field energy is stored in kinetic form. Nevertheless, in the field of mid-infrared and terahertz polaritons, the use of sub-wavelength resonators, which still have limited quality factors when compared with DBR, has led to important results which we will briefly examine for the two most relevant cases of intersubband and Landau polaritons. We will finally mention recent advances in phonon-polariton resonators, which, due to their longer lifetimes and lower plasma frequencies, provide an interesting analogue to plasmonic resonators at longer wavelengths.
Intersubband polaritons
Intersubband polaritons are hybrid quasi-particles resulting from the strongly coupled transition between multiple conduction subbands in doped QWs. The schematic of a simple two-subband intersubband transition is sketched in Figure 4A . Easily tunable though the terahertz and mid-infrared portions of the spectrum by engineering the QW design, those excitations are the object of intense research interest due to their potential as a novel platform for mid-infrared and terahertz nanophotonics [149] [150] [151] [152] [153] [154] [155] . Moreover, the vacuum Rabi frequency in those systems is proportional to the square root of the electron density, allowing for a conceptually and technologically straightforward way to access the ultrastrong coupling regime [156] and to modify the coupling on-site [157] . Because of their TM selection rule and their comparatively long wavelength, DBRs are not viable alternatives in those systems, which led to the exploration of a number of different designs. Intersubband polaritons were observed for the first time in 2003 [158] using doped GaAs QWs and confining the electromagnetic field exploiting total internal reflection. Using, instead, a top metallic mirror, this was also first system in which the ultrastrong coupling regime was observed, with η  0.11 [159] .
Sub-wavelength cavities are often employed in intersubband polaritons, using either sub-wavelength metallic patches over a metal ground [154, 160] , 3D nanoantennas [161] , or LC meta-material resonators [162, 163] . In Table 3 we provide the parameters for some representative intersubband polariton experiments using different resonator technologies.
Landau polaritons
Landau polaritons exploit as matter component the transitions between Landau levels in charged gases under applied magnetic fields, as sketched in Figure  4B [164] . On the photonic side, various kinds of both diffraction-limited and sub-wavelength resonators have been used, including stripline resonators [165] , splitring resonator metamaterials [166] [167] [168] , and DBR resonators [169, 170] . According to the different resonators employed, Landau polaritons have achieved the record normalised coupling between present CQED systems (η  1.43 [168] ) and also remarkable results in terms of the number of electrons coupled to the resonator (N  90 [171] ) and quality factors at long wavelengths (Q  183 [169] ). Parameters for those three samples are collected in Table 4 .
Phonon-polaritons
Phonon-polaritons are essentially mid-infrared analogues of plasmons, which exploit the movement of ions in the crystal lattice to confine the electromagnetic field instead of the movement of free charges in a metal. Such phononpolaritons exist only at longer wavelengths, in the Reststrahlen band of polar dielectics, and are characterised by much longer lifetimes, not being subject to Ohmic losses. Although those excitations lead to smaller field enhancement because a part of the electric energy ends up as potential ionic deformation energy [20] , they can still provide comparable sub-wavelength confinement and tunability [172] [173] [174] [175] [176] [177] . Moreover, thanks to phonon anharmonicity, they can provide polaritons with large nonlinear interactions [178, 179] .
A relatively recent addition to the catalogue of CQED technologies, surface phonon-polaritons, whose dispersion is shown in Figure 4C , have been strongly coupled to a number of other excitations, including plasmonic nanorods [180] , graphene plasmons [181] , localised phonon-polariton modes [182] , and ENZ (epsilon-near-zero) modes [183] . Localised phonon-polaritons have also been coupled to intersubband transition in a quantum cascade laser architecture [184, 185] although without achieving strong coupling.
Conclusions
Data reported in Tables 2-4 are represented in Figures  3 and 5 along multiple dimensions. Spanning multiple  orders of magnitudes along dipole number, confinement factor, wavelength, and normalised coupling strength, polaritonic platforms have pushed to the extreme different boundaries of light-matter interaction.
Although any simple heuristic is bound to be inaccurate when used to analyse such a heterogeneous set, we can see that expected patterns emerge. In Figure 3 , the trade-off between sub-wavelength confinement and losses, described by Eq. (3), is apparent. From the same image we can see that, even though strong coupling with single emitters can be a priori achieved with different resonator technologies, only in deeply sub-wavelength plasmonic resonators the coupling strength can be made large enough to be useful for proposed applications in chemistry and modification of electronic properties [36] [37] [38] [39] . In Figure 5 , the different samples, including mid-infrared ones, are represented as a function of their sub-wavelength factor, dipole number, and normalised coupling. In this article we have provided a cursory look at recent developments in the field of solid-state CQED, paying particular attention to figures of merit and trade-offs relevant for different optically active transitions in diffractionlimited and sub-wavelength resonators. We discussed the design choices required to access the scientifically and technologically interesting regimes of ultrastrong and single-molecule strong coupling and hopefully provided useful tools for the design of future CQED platforms.
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